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AHHOTapHH 

B flaHHoft CTaTbe mm BBe^eM oco6bm bh^ ciicTeM, onpe^ejiHM hx CBoftcTBa, a 3a- 
TeM noKa»ceM, hto ManiHHy pe/ryKHHH Ha ocHOBe 3KCTeHCHOHajibHoro 6ecTHnoBoro A- 
HCHHCjieHHH mojkho peajiH30BaTb KaK QZHiy H3 TaKHX cncTeM. Bojiee tohho, penb noiifleT 
06 o^HopoflHOH naMHTii h pa6oTe b peajibHOM BpeMeroi, a Taitsce o nacTHOM cjiynae ce- 
pHajiH3au;HH, KOTopaa npnrcyrMTCH HaM fljra MexaHH3Ma cpaBHeHHH pe3yjibTaTOB npsiMO 
bo BpeMH BbiHHCJieHHH. HaHHeM mm, TeM He MeHee, c Toro, KaKOBa MOTHBaHHH pa6oTbi 
Ha,n, flaHHoft TeMofi, a TaKJKe Kaxoe MecTO 3aHHMaeT caina Teopna \(3r] b aHajiHTHHecKOM 
KpyroBopoTe aBTopa. 

1 BBe^eHHe 

HcTopna A-HCHHCJieHHa , KOTopaa yxo,zrHT b Hanajio nponijioro Bexa, no^,po6Ho ocBemeHa 
b [T|. TaM ace 3aTparnBaeTca Taxaa MajioH3BecTHaa, ho jnoGonbiTHasi ^eTajit, KaK sthmo- 
jiorna Ha3BaHii5i ^aHHoro pa3^ejia MaTeMaTHHecKoft jioiukh, kotopmh cjiyjKHT ochoboh ^jia 
«computer science*. CaM 3HaneK «A» Hcnojii>3yeTC3 fljis o^hoh H3 a b Y x ochobhmx KOHCTpyK- 
hhh b co3flaHHOH HepneM cucTeMe — a6cTpaKHHH. OKa3biBaeTC5i, hto Bt»i6op o6o3HaneHHH 
a6cTpaKu,HH He 6biji coBepnieHHo cjiynaftHKiM, a c^ejiaH b npoTHBonocTaBjieHHe ,zrpyroH 6o- 
jiee paHHefi KOHCTpyKHHH, KOTopyio Hcnojit>30BajiH Whitehead h Russell h o6o3HanajiH KaK 
Jlflft hoboh KOHCTpyKn;HH, htoGbi oTjiHHaTb ee ot npexcHeft, Hepn cHanajia 3aMeHHji 
o6o3HaHeHHe cHanajia Ha «Ax», a 3aTeM — Ha «Ax», ohcbh^ho, HHTepnpeTHpoBaB nepBMH 
chmboji KaK 3arjiaBHyio 6yKBy «A», rjik ynpomeHHH Ha6opa. 

BbiHHCjieHHe, ocHOBaHHoe Ha TeopHH A-hchhcjichkh, 6l»ijio peajiH30BaHO bo MHornx H3B.I- 
Kax nporpaMMHpoBaHHH [2j, a TaK>Ke HeKOTopbix ManiHHax pe,zryKHHH, b tom nncjie — ManiH- 
Hax pe,n;yKHHH rpacpOB c jieHHBbiM CB33£>iBaHHeM no^BBipaaceHHH. IIocjie^HHa KOHCTpyKirHH 
upHHa^jrejKHT Wadsworth [3]. C pa3JiHHHt>iMH acneKTaMH peajiH3airHH annjiHKaTHBHbix bbi- 
HHCjieHHH HHTaTejiB Mo>KeT o3HaKOMHTt.c2, HanpHMep, no |1] H [5]. 

B paMKax ^aHHofl cTaTtn Hac Gyzryr ocoGchho HnrepecoBaTb «explicit substitution» h 
«term rewriting systems». CKOHHeHTpnyeM mm BHHMaHHe Ha CHCTeMe aKCHOM, BBe^eHHbix 
b [6j h 3aTparHBaeMbix no3^,Hee b pa3JiHHHbix HcroHHHKax, BKjironaioiiiHx [7], r^e 3aMe- 
Ha /3-pe,zryKHHH neTbipbMH npaBHjiaMH 6t>uia Ha3BaHa «Micro Lambda Calculus». Ilo3,ii;Hee 
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b jihhhom coo6meHHH [S] Vincent van Oostrom npe^,jio>KHji TepMHH «,zrHCTpH6yTHBHoe A- 
hchhc jiemie » , nMTaacb cHaG^HTb nojiyneHHyio cHcreMy 6ojiee (bopMajiBHBiM HanMeHOBaHH- 
eM. ,H,aHHa5i cncTeMa HnrepecHa TeM, hto no3BojiHeT onncaTB «explicit substitution*, He 

BBO,HH HHKaKHX ^OnOJIHHTejIBHBIX o6o3HaueHHH nOBepX UHCTOrO GeCTHnOBOrO A-HCHHCJieHHH, 

b oTjinune ot ocTajibHbix no^xo^oB (cm., HanpnMep, j9]). YnoMirayToe jinuHoe coo6meHHe 6y- 
fleT H3Jio>KeHO b npnjioJKeHHH pa^n nojioJKHTejiBHoro 3aKpBiTHH npexc^e OTKpbiToro Bonpoca 
o cymecTBOBaHHH 3(p(beKTHBHOH (peKypcHBHofl) o^HoniaroBofi cTpaTernn fljis flHCTpnGyTHB- 
Horo A-HcuncjieHHH (HopMajiBHaa cTpaTerna HopMajiHsyioineH ,zijih Hero He HBjiHeTcs). 

IIpHBe^eM KpaTKHH njiaH H3Jio:>KeHHH MaTepnajia b HacTOHinen pa6oTe. HauHeM mbi c 
toto, KaKoe MecTo 3aHHMaeT A-HCHHCJieHHe Boo6ine H cncTeMa A/3?7 b uacTHocTH (uHTaTe- 
jis >KfleT KpaTKoe onpe^ejieHHe stoh cbopMajiBHOH TeopHH b o^hom H3 nepBBix pa3^,ejiOB) b 
aHajiHTHuecKOM KpyroBopoTe aBTopa; TeM caMBiM mbi o6o3HauHM MOTHBairHio paGoTBi nap, 
^aHHoii TeMoii. 3aTeM mbi onpe^ejiHM cnenriajiBHBiH cnoco6 cepHajiH3annH A-BBipaaceHHii 
npecpHKCHBiMH GnHapHBiMH Ko^aMH (o6bihho paccMOTpeHHe cepHajiH3au,HH orpaHHHHBaeT- 
ca jihhib Tax Ha3BiBaeMBiMH TeflejieBCKHMH HOMepaMH [10]). HaKOHeu,, mbi BBe^eM oco6bih 
Kjiacc cHCTeM Ha o^Hopo^HOH naMHTH (sto noHHTHe 6yneT cTporo onpe^ejieHo no3^Hee) h 
hx cBoficTBa h noKaaceM, hto hx ^ocTaTOHHo fljiH peajiH3anHH ManiHH pe^yKii;HH rpacboB, a 

TaKJKe npHBe^eM KOHCTpyKTHBHBIH npHMep O^HOH H3 HHX. 

Ochobhoh uejiBio, npecjie^yeMoft b HacTOHuxeH paGoTe, sbjihctch nocTpoeHHe MocTa Me>K- 
,zry «The Heap Lambda Machine* H3 [IT] h npoeKTOM «Macro Lambda Calculus* c no^Be- 
^eHHeM 6ojiee cHCTeMaTHuecKoft TeopeTHHecKoft ochobbi fljis o6ohx CHCTeM. 

2 CneTHOCTb B KOHCTpyKTHBH3Me 

Hcxo^HBie o6i.eKTBi fljia nocTpoeHHH Teopnft Bcer,n;a BBi6paHBi H3 cneTHoro MHOJKecTBa: Ha- 
npnMep, H3 HMeH; HMeHa chcthbi BBnyry chcthocth a3BiKa Kax MHOJKecTBa TexcTOB. ,H,ajiee, 
npn nonBiTKe bbccth mhojkcctbo Bcex no^MHOJKecTB Taxoro hjih HeKOToporo npon3BOflHoro 
cneTHoro MHOJKecTBa B03HHKaeT npo6jieMa KOHTHHyyMa. O^Haxo, KOHCTpyKTHBHo ,n;oKa3aTB, 
hto KOHTHHyajiBHBie MHoacecTBa BooGme cymecTByioT, He npe^cTaBjiaeTca bo3mo>khbim. 

LTpo6jieMa C KOHTHHyajIBHBIMH MHOJKeCTBaMH flOBOJIBHO OCTpO npOHBHJiaCB B npomjioM 

Bexe npn pa3BHTHH TeopHH bbihhcjihmocth, r^e TpeGoBajiacB MaTeMaTHnecKaa mo^cjib fljia 
cneTHBix MHoacecTB, KOTopBie 6bi coctohjih H3 oToGpaaceHHH BHyTpn Hero. Pa3peniHjiacb oHa 
Tor^a, Kor^a Ckott npe^jioxcHji Tonojiornio ^epeBa h ype3aji oTo6pa:aceHHs: ^;o HenpepBiB- 

HBIX. C ^pyrOH CTOpOHBI, npHBeCTH KOHCTpyKTHBHBIH npHMep (pyHKH,HH, KOTopas BHe TaKO- 
TO MHOJKeCTBa, HeB03MO>KHO, TaK KBK H3BIK OnHCBIBaeT B TOHHOCTH HaCTHHHO-peKypCHBHBie 
CDyHKHHH. 

Bo3HHKaeT jiornuHBiH Bonpoc o tom, Kax yue 6bitb c BemecTBeHHBiMH nncjiaMH, h ,n,o 
Kaxoro MHOJKecTBa cjie,n;yeT hx ype3aTB, hto6bi onncaTB hmchho Te, KOTopBie mojkho onpe- 

flejIHTB KOHCTpyKTHBHO. TaKHe HHCJia eCTB B KOHCTpyKTHBHOM Beni^eCTBeHHOM aHajiH3e, H 
Ha3BIBaiOTCH peKypCHBHBIMH BeHI^eCTBeHHBIMH HHCJiaMH. 

B npHHii;Hne, Ha Kaac^oM STane, r^e TpeGyiOTCH HOBBie KOHCTpyKii,HH, b Tpa^,Hii,HOHHOH 
MaTeMaTHKe H3-3a HeKOHCTpyKTHBHBix onpe^ejieHHH oGbihho Be^yni;He k HecneTHBiM mhojkc- 
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ctb&m, mojkho Ka>KflBiH pa3 BBo^HTb Hafljieacainyio Tonojiornio ii ype3aTb oTo6pa:aceHH5i ,n;o 

Henpept.IBHt.IX. yTBepjK^aeTCH, HTO 9TO B03MO)KHO flJIS JII06BIX MBICJIHMBIX KOHCTpyKHHH, HTO 

TaKHM o6pa30M ocBo6o>K^i;aeT ot hhtyhthbho npncyTCTByiomeH onacHocTH orpamiHeHHocTH 

KOHCTpyKTHBHOrO ncflxofla. 

HaKOHen;, ynHTBiBan, hto cncTeMa A/3 77 cooTBeTCTByeT MaKCHMajiBHBiM HenpoTHBopenH- 

BBIM TeopHHM H npH 3TOM BBH^y Te3H3a Hepna-TblOpHHra HMeeT MaKCHMajIBHyiO BBipa3H- 
TejIbHOCTB, JIIo6Bie MBICJIHMBie KOHCTpyKHHH OKa3BIBaK)TCH B03MOJKHBIMH ^JIH Onpe^ejieHHH 

BHyTpn Hee. H sto mojkct, b cboio onepe^B, cjiy>KHTB ^onojiHHTejiBHBiM apryMeHTOM b cto- 
poHy ee HcnojiB30BaHHH h 6ojiBHieii KOHn,eHTpaHiin BHHMaHHH Ha aKBHBajieHTHBix cncTeMax 

H Ha TeopHH BBIHHCJIHMOCTH BOoGlIXe. 

3 Cy6 r beKTHBHoe b 33biKe xax OTKpbiTbie TepMbi 

ECJIH MaTeMaTHKOH CHHTaTB MHOJKeCTBO MaTeMaTHHeCKHX TeKCTOB M, HanncaHHBix C HC- 

nojiB30BaHHeM o^Horo H3 nejioBenecKHx h3bikob H, to M ecTB no^MHoacecTBo H. SaMeTHM, 
hto ecjiH Mbi npoHyMepyeM 3HaHeHHH cjiob H3BiKa, HanpHMep, HaTypajiBHBiMH nncjiaMH hjih 

3KBHBajieHTHBIMH KOHCTpyKTHBHBIMH oGteKTaMH, TO MaTeMaTHHeCKaH HaCTB MOJKeT OnHCBI- 
BaTB BeCB OCTajIBHOH HejIOBeHeCKHH H3BIK. 

TenepB, ecjin mbi orpaminnM paccMOTpeHHoe no^MHoacecTBO ^;o KOHCTpyKTHBHoii MaTe- 

MaTHKH, TO MaTeMaTHHeCKOe nO^MHOJKeCTBO npO^OJIJKHT nopojK^aTB HejIOBeHeCKHH H3BIK, 
TaK KaK MHOJKeCTBO TeKCTOB CHeTHO. SaMeTHM, HTO B CHCTeMe \f3l] OnHCBIBaiOTCH JIK)6Bie 
KOHCTpyKTHBHBie o6T>eKTBI, TaK KaK ^JIH 3TOTO Heo6xO^HMO H J^OCTaTOHHO HMeTB BBIHHCJIH- 
MBie (pyHKHHH, peKypCHBHO nepeHHCJIHIOHi;He MHOJKeCTBa TeX HJIH HHBIX KOHCTpyKTHBHBIX 

oGteKTOB. Byn;eM cnnraTB, hto HejioBenecKHH H3biK nocTpoeH Ha ocHOBe X/3r), He BJxaBascB b 
ja;eTajiH hjih MexaHH3M nepenHCJieHHH TepMHHOB; o6paTHM BHHMaHHe jihhib Ha cjie/xyiomee. 

y CJIOB, KOTOpbie TeM HJIH HHBIM o6pa30M OKa3ajIHCB 3aKO^HpOBaHBI TepMaMH, eCTB HeKO- 

TopBie napaMeTpBi — cBo6o^HBie nepeMeHHBie — ohh jj;oji>khbi o6o3HanaTB Bee, ot nero 3aBH- 

CHT o6T.eKTHBHa5I HHTepiipeTatTHH BBipa>KeHHH-(ppa3, HanpHMep, KOHTeKCT, oGjiaCTB, CCBIJI- 

kh. CHOBa onycTHM ^eTajiH h nepeft^eM ot cjiob, KOTopBie hmciot 3HaneHHH, Heo6xo^HMBie 

flJIH o6T.eKTHBHOH (TOHHOfl) HHTepiipeTaHHH (ppa3BI, K CJIOBaM, KOTOpBie TaKHX 3HaHeHHH 

He HMeioT (6bitb mojkct, KpoMe KaK b ohchb y3KHx oGjiacTHx HejioBenecKoii ^eHTejiBHocTn) . 
HanpHMep, cjiobo « BKycHBiii » — ero CBo6o^HBie nepeMeHHBie, no KpanHeft Mepe, BKjnona- 
iot cy6teKT, KOTopoMy npHHa^jieacnT ^aHHoe oTHonieHHH k o6T.eKTy. TaKHM o6pa30M, mbi 
Mo>KeM, ^;a>Ke H3 cjiob, He HMeionntx o6T>eKTHBHoro (TonHoro) 3HaneHHH — mbi hx 6yneM 
Ha3BiBaTB cy6T.eKTHBHBiMH TepMHHaMH — nocTpoHTB o6T>eKTHBHyio (ppa3y: a6cTparnpoBaB 
cy6teKT, BBe^H no cyTH o6iiihoctb, h c^ejiaB cppa3y Hen36e>KHo HeBepHofl (TaK KaK Bce- 
r^;a Haii^eTCH cyGteKT, ^jih KOToporo TaKoe oTHotneHne He HMeeT MecTa), jih6o npnMeHHB 
a6cTpaKii,Hio k KOHKpeTHOMy cy6T.eKTy, HanpHMep, roBopatneMy, n Tor^a aHajiH3npoBaTB 
cppa3y He jintneHo cMBicjia. Pa3yMeeTCH, BpeMH ecTB Toxce nacTB napaMeTpoB cppa3Bi, ho 
3anacTyio bo cppa3ax BpeMH aGcTparnpyeTCH. 
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4 BMyjiaijHa X/3r] BHyTpn Hee caMOH 



H3BeCTHO, HTO TBK>pHHr-nOJIHBie CHCTeMBI OTJIHHaiOTCS TeM, HTO KaJK^aa H3 HIIX MOJKeT 

aMyAupoeam-b jiio6yio npyryio hjih nance ee caMy. To ecTB H3 TbiopHHr-nojiHOTBi X/3rj cjie- 
^yeT tot cpaKT, hto ee mojkho KaKHM-To o6pa30M npencTaBHTB BHyTpii Hee caMofi. OnimKo 
noKa3aTb, xax hmchho nocTpoHTB Taxyio sMyjiHinno h scpcpeKTHBHo ee peajiH30BaTB , okbsbi- 
BaeTca He caMoft jierKoft 3an,aHeH. Bojiee cpopMajiBHo OHa BBipancaeTCH b ^Byx cjie^yiomHX 
nyHKTax. 

1. Onpe^ejieHHe (pyHKHHH-BBIHHCJIHTejIH HOpMajIBHOH CpOpMBI BBipaJKeHHH B BHfle KOM- 



2. OnpenejieHHe npen,CTaBjieHHH npoH3BOjiBHBix BBipaJKeHHH b cpopMe, nonxonHiHeft fljia 
BBiHHCJieHHa c noMomBio (pyHKi^HH, onpen,ejiHeMOH B (1). 

Ohcbkhho, hto cymecTByeT GecxoHeHHoe cneTHoe mhojkcctbo TpHBHajiBHBix penieHHH 
n,aHHOH 3a^aHH, cbohhihhxch k cjienyromeMy: onpenejiHTB TOJK^ecTBeHHBie h (pyHKHino- 
BBiHHCJiHTejiB, h npeo6pa30BaHHe BBip a>KeHHH bo BHyTpeHHioio cpopMy. 

Ho TaKJKe Gbijia HaftneHa nacTB HeTpHBHajiBHoro penieHHH: b |12| bbohhtch KOM6nHaTop 
fljis HaxojK^eHHH /3-HopMajiBHoii cpopMBi A- BBip a>KeHHH , npe^cTaBjiaeMBix nepe3 onpen,ejieH- 

HOe KOHHpOBaHHe, BHyTpH CaMOTO A-HCHHCJieHHH. 

5 KpaTKoe onpe^ejieHHe X/3 r\ 

Be3 jihihhhx KOMMeHTapneB BBeneM MHOJKecTBo A-TepMOB A, KOTopoe coctoht H3 nepeMeH- 

HBIX X, y, Z H T. fl., C KOTOpBIMH MBI GyfleM 3fleCB pa6oTaTB 6e3 OC06BIX OCTOpOJKHOCTeH, 

a6cTpaKH,HH Xx.M h annjiHKauHH M N, 3aTeM non,CTaHOBKy M[x := N], MHoacecTBo cbo- 
6ohhbix nepeMeHHBix FV(M); 3aHBHM a-KOHBeprapyeMBie TepMBi TexcTyajiBHo paBHBiMH; 
onpenejiHM penyKHHio /3f], pecpJieKCHBHoe h TpaH3HTHBHoe 3aMBiKaHHe OTHOineHHH «6bitb 
no^BBipaJKeHHeM » , h, HaKOHen;, pe3yjiBTaT ohhoto niara penyKHHH Fi(M) npn HopMajiBHoii 
cTpaTerHH bbihhcji6hhh. 3a 6ojiee axxypaTHBiM onpenejieHHeM HHTaTejiB Bcern,a mojkct 06- 

paTHTBCH K [10J. 



6nHaTopa. 



x,y,z,... G 
M,N <E A => 
(M) = M A 



A; 

Xx.M e A A M N E A; 
MNP = (MN)P. 



x[x : 
y[x : 



P] 
P] 
P\ 
P] 
P] 



= P\ 



= V\ 



(Xx.M)[x : 
(Xy.M)[x : 
(MN)[x : 



Xx.M; 

Xy.M[x := P]; 

M[x := P]N[x := P]. 
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FV(x) = {x}; 
FV(Xx.M) = FV(M)\{a;}; 
FV(MiV) = FV(M)UFV(iV). 

yG'FV(M) Xx.M = Xy.M[x := y}. 

= {((Xx.M)N,M[x := N]) \ M,N G A}; 
r] = \{Xx.Mx,M) | M G A,x G'FV(M)}; 
/3t7 = /3 U T). 

M C M C A./-..U: 

MC MiV D^; 
M C N AN C P => M CP. 



3Q G A : (M, Q) G 0rj 
$Q G A : (Az.M,Q) G /3r7 
$Q G A : (M N, Q) E /3r] A 3P C M : 3Q G A : (P, Q) G /fy 
$Q e A : (M N,Q) e f3ri A$P C M :BQ e A : (P, Q) G /3r? 



^0*0 

F,(Ax.M) 
Fi(M N) 
Fi(MN) 



= x; 

= Q\ 

= Az.F,(M); 
= Fi(M) N; 
= M Fi(N). 



6 IlojIHOTa 3KCTeHCHOHajIbHOrO A-HCHHCJieHHH 

ripHBe^eM oGpbiBOHHyio HHTaTy H3 |10| o nojiHOTe X(3r]: «Tax k&k A-Teopna cBo6o^,Ha ot 

JIOrilKH, HenpOTHBOpeHHBOCTb Hy>KHO nOHHMaTB CJie^yiOIHHM 06pa30M... PaB6HCTBO — 3TO 

cpopMyjia BHfla M = N, rpp M, N — A-TepMBi; Taxoe paBeHCTBo 3aMKHyTo, ecjin M, N He 
co,ri;ep>KaT cbo6o^hbix nepeMeHHBix... IlycTB T — cpopMajiBHaa TeopHH, cpopMyjiaMH KOTopofi 
hbjihiotch paBeHCTBa. Tor^a roBopHT, hto T HenpoTHBopeHHBa (h nnniyT Con(T)), ecjin b 
T ^oKa3yeMo He jnoGoe 3aMKHyToe paBeHCTBo. B npoTHBHOM cjiynae roBopaT, hto T npoTH- 
BopeHHBa... 0^,Ha H3 npHHHH paccMOTpeHHH GHCTeMBi A77 coctoht b tom, hto oho o6jian,aeT 
onpe^ejieHHBiM cbohctbom hojihotbi... 3KBaHHOHajiBHaH TeopHH T Ha3BiBaeTcn nojiHofl no 
rnjiBGepTy-IIocTy (coKpameHHo HP-nojiHofl), ecjin h,jih jnoGoro paBeHCTBa M = N b H3BiKe 
TeopHH T hjih M = N ^,OKa3yeMO, hjih T + (M = N) npoTHBopeHHBa... HP-nojiHBie TeopHH 

COOTBeTCTByiOT MaKCHMajIBHBIM HenpOTHBOpeHHBBIM TeopHHM B TeopHH MOH,ejieH HJIH JIOrHKH 

nepBoro nopHHKa». 



7 PeKypcHBHbie Beiu,ecTBeHHbie HHCjia 

PaccMOTpHM MHOJKecTBo Bcex KOM6HHaTopoB, onpen,ejieHHBix Ha HyMepajiax, KOTopBie KaH<- 
npMy HyMepajiy conocTaBjinioT cnncoK BHH,a [b, \m\ , \n\], rn,e mun — HaTypajiBHBie HHCjia, 
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a b — 6yjieBO 3HaneHHe (T hjih F), KOTopoe npe/^CTaBjiaeT 3HaK («+» hjih «— »). Tor/ia 
cnncoK cooTBeTCTByeT paunoHajiBHOMy nncjiy ±m/n. 

Tenepb, ecjin Si ecTB paunoHajiBHoe hhcjio, cooTBeTCTByiomee M \i] , M H3 paccMaTpn- 
BaeMoro MHoacecTBa KOMGimaTopoB cooTBeTCTByeT lim n ^oo Y^=o Taxoe mhojkcctbo 3a- 

MKHyTO OTHOCHTejIBHO OnepaiHIH B3HTHH npe^ejia nOCJie^OBaTejIBHOCTH, KaK H MHOJKeCTBO 

BemecTBeHHbix nnceji, ho He cymecTByeT KOHCTpyKTHBHoro npHMepa BernecTBeHHoro nncjia, 
KOTopoe He npHHa^;jie>KHT nocTpoeHHOMy MHoxcecTBy. 

TOJIBKO HTO BBe^eHHOe MHOJKeCTBO HHCejI-KOM6HHaTOpOB 3KBHBajieHTHO TaK Ha3BIBaeMBIM 

«peKypcHBHbiM BemecTBeHHbiM HHCJiaM», onpe^ejiaeMbiM b [13| . 

8 CepHajiH3au,Ha A-Bt»ipa;>KeHHH 

H3BecTHo, hto jno6oe A-BbipaaceHHe mojkho ^eTepMnmrpoBaHHo, xots h He b peajibHOM Bpe- 
MeHH, nepeBecTH b KOM6HHaTopHyio jiorHKy c o/XHOTonenHBiM 6a3HCOM. BbipaJKeHna: b no- 

CJieflHefi 3KBHBajieHTHbI CK060HHBIM CTpyKTypaM, TaK KaK 2BJI5HOTC5I, no CyTH, 6HHapHbIMH 

^epeBbiiMH 6e3 Harpy3KH b y3Jiax. Taxne CTpyKTypbi mojkho npe^cTaBHTb npecpHKCHBiMH 
6nHapHbiMH KOflaMH nepeMeHHoii ji,jihhbi, ecjin 3aMeHHTb chmboji «(» 6htom 1, a «)» — 6n- 
tom 0, a TaK>Ke ,a,o6aBHT£> 3aBepiiiaioiirHH 6ht 0. IiojiyneHHBie ko/tbi mojkho nepe/raBaTB no 
ceTn n coxpaHHTb b cpaftjiBi, to ecTb ncnojib30BaTb ^aHHbifi MeTOfl fljia cepnajinsaHHH A- 
BbipaaceHnn, ecjin cnnTaTb Bbipa>KeHHH paBHbiMH c TOHHOCTbio pp a/977-KOHBepcnn. Ilocjieji,- 
Hee — cym;ecTBeHHoe orpaHnneHne ^aHHoro nopxopa, Tax KaK flecepnajinaaniiH b o6meM 
cjiynae He BoccTaHaBjinBaeT ncxoijHoe A-BbipaaceHne TeKCTyajibHo, flaace c tohhoctbio pp 

a-KOHBepCHH. 

C jjpyroft ctopohm, b [T3] npuBOflHTca, no cyTH, ^0Ka3aTejibCTB0 h6bo3mo>khocth cyme- 
CTBOBaHHH chjibhoh pe/xyKiriiH pus CL-TeopHH, a TonHee, ,n;oKa3biBaeTC5i, hto Ha6op npaBHji 
chjibhoh pe/xyKirnn Bcerjja GecKOHeneH. TaKoe cbohctbo, cjie^oBaTejibHo, 0Ka3BiBaeTca: h y 

KOM6HHaTOpHOH JIOrHKH C OiXHOTOHeHHBIM 6a3HCOM. 

3to flejiaeT HenpneMjieMbiM co3^;aHHe ManinHbi ,a;jia chjibhoh pe/xyKirnn Ha ocHOBe kom- 
GnHaTopHon jiornKH. H3 H3BecTHbix Teopnft no/xxo/XHT fljia stoh 3a^ann jinnib GecTnnoBoe 
A-HcnncjieHne c /^-pe/xyKirnen, rapaHTnpyiomee nojiyneHne no neTKOMy ajiropHTMy (npn hc- 
nojib30BaHHH o/xhoh H3 HopMajiH3yioiiiHx cTpaTernfl BBinncjieHHH, HanpnMep HopMajiBHon) 
TaK Ha3biBaeMOH /^-HopMajiBHOH cpopMbi, coBnaflaiomeii jhoGbix flByx sKTeHcnoHajiBHo 
paBHbix BBip a>KeHHH ( BBip a>KeHH5i , He HMeromne h. (p., He cnnTaioTca paBHbiMH b Xfti], ho 
ecTb BapnaHT Mo^ejin, rpe CHHTaioTCH paBHbiMH TepMbi, He HMeiouxne r. h. (p.). 

9 CjiOBapH A-Bbipa^ceHHH 

HecMOTpa Ha to, hto cepnajiH3anHJi A-BBipa>KeHHH HMeeT cymecTBeHHoe orpaHnneHne: pe- 
cepnajiH3an;H5i b o6in;eM cjiynae npoHcxo/xiiT c tohhoctbio ^o a/3r]-KOHBepcnH, — flamibiii 
cnocoG MOJKeT OKa3aTBca nojie3HBiM pus xpaHeHna A-BBipaJKeHnii, nx HopMajiBHBix (popM, 
ko,ti;ob HopMajiBHBix cpopM h/hjih nacTHHHo ynpomeHHBix BapnaHTOB, a TaKJKe jnoGon ^pyrofi 
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CB5I3aHHOH HHCpOpMaHHH B CJIOBapaX — CJIOBapaX HOpMajIBHBIX cpopM. 

3to bo3mo>kho noTOMy, hto KOflbi, nojiyneHHBie b pe3yjibTaTe cepnajinsaHnn jho6bix ^Byx 
A-BbipaaceHHii, paBHBix c tohhoctbio a-KOHBepcnn, coBna^aioT. TaKHM o6pa30M mojkho 

nOJiyHHTB CJIOBapH HOpMajIBHBIX (pOpM CTOJIB CKOpO, KBK nOJiyneH CnOCoG npHBOJXHTB JIK> 

6bie /XBa 3KCTeHCHOHajiBHo paBHBix A-TepMa k cpopMe, coBna^aiomefl c tohhoctbio pp a- 
KOHBepcHH. CncTeMa, HMeioinaH Taxoe cbohctbo, o6H3aTejiBHo nojiHa xax no TbiopHHry, Tax 
H no THjiBGepTy-IIocTy. Taxaa cncTeMa mojkct 6bitb peajiH30BaHa, HanpnMep, kbk Gbijio 
3anjiaHnpoBaHo paHee. 

Cjie/xyeT otmcthtb, hto b caMon cncTeMe X/3rj pe3yjibTaT npaMofi ,n;ecepHajiH3aHHH f3i]- 
HopMajiBHBix cpopM b o6meM cjiynae He sBjiseTcs HopMajiBHoii cpopMon. O/XHaico, oh Bcer^a 
0Ka3BiBaeTca Ha o/xnHaKOBOM paccTosiHHH ot TaKOBoii b cMBicjie KojinnecTBa Heo6xo^HMBix 
/^-peflyKirnn fljiH Bcex 3KCTeHCHOHajiBHo paBHBix TepMOB. 

IIo^o6HBie cjioBapn MoryT 6bitb HcnojiB30BaHBi rjik HeKOTopBix MeTO^OB BBinncjieHna 
A-BBipa>KeHHH, hx npe^cTaBjieHHH b « ne jioBeKonnTaeMOM » Bn^e, xpaHeHHH 3a^an h hx pe- 
nieHHH b 6a3ax jj;aHHBix n t. n. 

10 npecJ)HKCHoe KO^npoBaHne 

CepnajiH3an;H2 A-BBipa>KeHHH, o^hhm H3 bo3mo>khbix npnMeHeHnn KOTopon paHee Gbijih pac- 

CMOTpeHBI CJIOBapH H. (p. (HOpMajIBHBIX (pOpM), MOJK6T BBinOJIHHTBCH no XO/jy BBIHHCJieHHH 

nocjie nojiyneHHH r. h. (p. (rojioBHon h. (p.), hto, b cboio onepe/XB, mojkct 6bitb ncnojib- 
30BaHo, b nacTHocTH, jjjia: oco6oro BH^a cpaBHeHHH JjByx TepMOB Ha npe/jMeT paBeHCTBa c 
tohhoctbk) jio a/3-KOHBepcHH (sKCTeHCHOHajibHocTB, b o6meM onynae, He HMeeT MecTa, Tax 
Kax, HanpnMep, TepM Xxy.x (K I y) y no/iJiejKHT ^-pe/xyKirnn y>Ke nocjie nojiyneHns r. h. (p.). 

Tax Kax npe^jiojKeHHaa cepnajiH3anH5i npe/xnojiaraeT nepeBo/j; A-BBipaaceHnH b KOM6nHa- 
TopHyio jiornKy {S, K, I}, a 3aTeM — b o/xHOTonenHBin 6a3nc {X}, to Heo6xo/xnMo noxasaTB, 
hto ^jih jno6oii r. h. (p. (orpaHnnnMCH KOM6nHaTopaMH, to ecTB 3aMKHyTBiMH TepMaMH, hjih 
BBipa>KeHH5iMH 6e3 cbo6o^hbix nepeMeHHBix) mojkho nojiynnTB HexoTopyio HanajiBHyio nacTB 
upecpHKCHoro Ko^,a, He aHajin3npyii, b o6meM cjrynae, eme He BBinncjieHHBie nojxBBipajKeHna. 

Onpe^ejieHHe 1. Hop npafiuKCHUM ko3om 6yn;eM noHHMaTB ko^i;, cocTaBjieHHBin jijis h. (p. 
(oh ,a;oji>KeH coBna^aTB jjjia: KOHBepTnpyeMBix TepMOB), c rpaMMaTHKoft 

<t> : := 1 <t> <t> | 

ripnneM 1 03HanaeT opneHTnpoBaHHoe 6nHapHoe iiepeBO 6e3 Harpy3KH b y3Jiax c jieBoft 
BeTBBio b BH^;e iiepeBa ti n npaBoii — t^. 

yTBep^cfleHHe 1. JJasi ak>6ou s. h. <fi. mochcho cocmaeumb Henomopoe nenycmoe nauajio 
npecfiuKCHoao Koda. 

r Z(oKa3ameji'bcm60. JIio6aH r. h. cp. (rojioBHaa HopMajiBHaa cpopMa) HMeeT bh/j, (cm. [ 10J ) 
Xx.x M, r/ie x — nocjie^oBaTejiBHocTB nepeMeHHBix (x — o/xna H3 hhx BBH/xy 3aMKHyTocTH 
TepMa) ^jihhoh m, a M — nocjie/ioBaTejiBHOCTB BBipaJKeHnii ^jihhoh n, npnneM m > 0, a 
n > 0. PaccMOTpnM B03Mo>KHBie cjiynan. 
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1. m — 1, h r. h. cp. HMeeT bh,h; 



\x.PQ = S(Xx.P) (Xx.Q) = ((X (XX)) (Xx.P)) (Xx.Q)), 
t. e. Hanajio xo^a — 1110100. 

2. n = 0, h r. h. (j). - TpiiBiiajibHaH h. (p., ^jih KOTopoii KOfl mojkho nojiynnTB nojmocTBio. 

3. 11 > 0, H T. H. (p. CTaHOBHTCH 

Ax'.Ax n . PQ = Xx'.S (Xx n .P)(Xx n .Q), 

KOTopan, b cbok) onepems, nona^aeT jihGo nofl cjiynaH (1), jih6o no,n; (3) c yMeHBineHHon 
fljiHHott nocjieflOBaTejiBHocTH nepeMeHHBix. 

TaKiiM o6pa30M, Hanajio Ko,zia 0Ka3BiBaeTcs BoccTaHOBHMBiM . □ 

11 Onpe^ejieHHe n-paBeHCTBa 

LTpH nocjie,zryiorrieH pe,zryKirHH r. h. (p., KOTopan no cyrii HBjmeTcsi cnncrcoM BBipa>KeHHH 
M = M M n , r. h. (p. MoryT npiiHsiTB n BBip axceHHH M no Mepe Toro, HacKOJiBKO ocmbic- 
jieHHBi BBipaaceHne n cooTBeTCTByiorrrHH eMy ajiropnTM. Tor^a npecpHKCHBin ko,h ,zijih cpaB- 

HeHHSI MOJKHO npO^OJIJKHTB , H, KCTaTH, TaKHM o6pa30M HeOJKH^aHHO npHHHMaeT JIHHeHHBIH 

BH,n; npnjiojKeHne k MeTo,zry BBiBo^a-BBiBo^a no cxeMe 

Output = (Ai. Program) Input 

c noMoruBio 6ecKOHenHBix cnncKOB. CxeMa 6yn,eT noncHeHa no3,ziHee, xor^a mbi nepefl^eM k 
upoeKTy «Macro Lambda Calculus» n ManiHHe pe^ryKirnn ^jih Hero. 

B cbh3h c 3thm BBe^eM cjie,nyiorrj;ee onpe^ejieHne OTHorneHHH TepMOB. 

Onpe^ejieHHe 2. TepMBi n-paenu, ecjin paBHBi nepBBie n 6ht npecpnKCHoro razzia. 

TaKoe noHHTne noTeHirnajiBHo Morjio 6bi 6bitb nojie3HBiM ^jih cpaBHeHHH peKypcnBHBix 
ajiropnTMOB . (O^Haxo, npaBBie nacTH annjiHKanHOHHBix TepMOB BH^a Y P oGbihho no3BOjm- 
iot npoBepxy Ha paBeHCTBO nyTeM nojiyneHHH Pt]-h. (p.) /JencTBHTejiBHO, cooTBeTCTByiornne 
hm A-TepMBi npHHi^nnnajiBHo He MoryT HMeTB h. (p., ho hcxo^h H3 ocMBicjieHHocTH (pa3pe- 

niHMOCTn) TaKHX TepMOB, OHH flOJIJKHBI HMeTB T. H. (p. LTpH HeH36e>KHOM He^OCTaTKe naMHTH 

ManiHHBi pe,nyKHHH, Ha onpe^ejieHHOM mare pe,zryKirHH mojkho 3aHBHTB o «paBeHCTBe» aji- 

TOpHTMOB. 
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12 Ilpo6jieMa c 3KCTeHCHOHajibHOCTbio 



PaccMOTpHM cyTb npo6jieMt»i c 3KCTeHCHOHajibHocTbio j o6o3HaneHHOH paHee, h noKa>KeM, 
Kaxne nojie3Hbie cBoficTBa mojkho 6mjio 6m H3Bjienb H3 ee peniemiH. 

SaivieTHM, hto ^a>Ke ecra mm 6yn,eM oTKjia^MBaTb cocTaBjieHHe npecpHKCHoro Ko/ra Bbipa- 
aceHHH Xx.P Q, noxa He 6yn;eT nojiyneHa r. h. cp. Q, mm HeMe/yieHHO o6Hapy>KHM KOHTpnpn- 
Mep: Xxy.x (Xz.y z). Mo^ncpHiiHpoBaTb 3Ty H^eio Tax, hto6m oHa fleftcTBirrejibHo peinajia 
ynoMHHyTyio npoGjieMy He npe^cTaBjiaeTCH bo3mojkhbim, Tax KaK b oGuxeM cjiynae cocTaB- 
jieHHbifl KOfl fljia r. h. cp. Mo>KeT H3-3a nocjie/xyioineH ?7-pe,n;yKHHH H3MeHHTbCH pp caMoro 
nepBoro 6nTa. 

PenieHHio ^aHHofi npoGjieMM yuejiaeTCH ctojibko BHHMaHHa no cjie^ryromeH npnnHHe. 
riojiyneHHe ko^ob sKCTeHCHOHajibHon h. cp. bo BpeMs BMHHCJieHHH no3BOJiHjio 6bi peajiH- 
30BaTb nojiHon;eHHbiH h3mk nporpaMMHpoBaHHH 6e3 flonojiHeHHH hhctoto GecTnnoBoro A- 

HCHHCJieHHH KaKHMH- JIH60 8- (py HKH.H3MH HJIH OnepaHHHMH C no6oHHMMH fleftCTBHHMH. Tlof\ 

nojmoneHHOCTbio 3,n;ecb noHHMaeTCH bbo^-bbibo^i; ,a;aHHbix b BH,a,e HyMepajioB, cnncKOB h t. n. 
(3to He oTMeHseT, kohchho, 330TepnnHocTH 33biKa nporpaMMHpoBaHHH b o6meM cjiynae.) 
HejioBeKOHHTaeMoro cpopMaTa mojkho ^oGhtbch c noMombio conocTaBjieHHH cpopMM pe3yjib- 
rapyioinero Ko^a c o6pa3H,aMH. IIocjie^Hee aBjiaeTCH npocTo nacTHMM cnynaeM paccMOTpeH- 
hmx paHee cjioBapefl HopMajibHbix cpopM, fljia: kotopmx h TpeGyeTCH cepnajiH3anHH c o6h- 
3aTejibHofl 9KCTeHCHOHajibHocTbio, Tax KaK 6e3 nocjie/XHen b o6meM cjiynae conocTaBjieHHe 
c o6pa3H,aMH HeB03Mo>KHo 6e3 3aMeHM //-pe^yKi^HH sKBHBajieHTHMM npeo6pa30BaHHeM. 

CepHajiH3aH,H2 npaMo bo BpeMs BMHHCJieHHs, b cboio onepe^b, o6jia,naeT TeM nojie3HMM 
cbohctbom, hto mojkho BMBecTH roTOByio HacTb cnHCKa j\o nojiyneHHH ero nojiHoro BH^a, 
hjih, k npHMepy, coo6iHHTb, 6ojibHie KaKoro HaTypajibHoro nncjia 6yn,eT eme H e roTOBbin 
OTBeT k 3a/j;aHe. 

13 HeorpaHHHeHHaa HopMajiH3aii,H5i 

Ecjih pa3peniHTb npoGjieMy c sKCTeHcnoHajibHocTbio b ajiropHTMe nocTpoeHHH npecpHKCHoro 
Ko^a no xo^y BMHHCjieHHH Bbipa>KeHHH, to mojkho bbccth cjie,n;yioiiiHe ^Ba onpe^ejieHHH. 
(Bonpoc o tom, bo3mo>kho jiH pemeHHe o6o3HaneHHOH npo6jieMM, ocTaeTca otkpmtmm.) 

Onpe,zi,ejieHHe 3. Ha30BeM HeozpanuueHHo HopMcuiu3yeMUMu TepMaMH Te, rjik kotopmx 
mojkho cocTaBHTb npecpHKCHbift ko^ jih6o nojiHMH KOHenHMH (b cjiynae CymeCTBOBaHHH 
h. cp.), jih6o 6e cKOHe hhmh . 

,U,aHHoe cbohctbo cnjibHee cyuxecTBOBaHHH r. h. cp., ho cjia6ee cynxecTBOBaHHH h. cp. Iipn- 
MepoM o6jiaflaioiii,ero TaKHM cbohctbom TepMa, mojkct cjiyscHTb BbipaaceHHe, onncbiBaioinee 
cnncoK Bcex 3aMKHyTbix h. cp. (3to MHoacecTBO peKypcHBHO nepenHCJiHMO, ho He peKypcnB- 
ho) Ha ocHOBe KOM6HHaTopa E, KOTopbift B03Bpam;aeT ti-hmh KOM6nHaTop (Ha caMOM ^ejie, 
cymecTByeT Hejibift Kjiacc TaKnx TepMOB, cm. |10|): 

Y(Xfn.[EnJ(S + n)}) [0], 
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r^e Y = © = A A, npnneM A = Xxy.y (xxy) (BapnaHT KOM6imaTopa HenoflBiDKHoii tohkh 
no TbiopHHry) ; [M, N] = Xz.zM N (cnapHBamie) ; [0] = / = Xx.x,mS + = \x. [F, x] , npineM 
F = Xxy.y (jiojkb). 

(HanoMHHM, hto Hyjib [0], cpyHKHHsi cjie^oBaHHH S + h TecT Ha HyjiB Zero = Xx.xT, r^e 
HCTHHa T = Xxy.x, cocTaBjnnoT cmaHdapmHyw i^uc/ipoeym cucmejuy, a (pyHKirHH npe^ine- 
CTBOBaHHH P~ = Xx.xF ,nejiaeT ^aHHyio nncppoByio ciicTeMy adeKeamnou.) 

,H,aHHoe onpe^ejieHHe Gbijio 6bi nojie3Ho k&k cpopMajiH3an,H5i ^ocTaTOHHo ocmbicji6hhbix» 
BBipa>KeHHH. ,H,onojiHHTejiBHo k HeMy BBe^eM Gojiee cnjiBHoe cbohctbo, cBH3aB tojibko hto 
BBe^eHHoe c KOjinnecTBOM peflyKirHft, Tpe6yeMBiM fljia nojiyneHHH onepe^Horo o^Horo 6nTa 
npecpHKCHoro Ko^a. 

Onpe/i,ejieHHe 4. Oupe^ejiHM A-TepMBi neozpanuntHHO HopMcuiu3yeMUMU e peaAbHOM epe- 
Menu, Peoria cyrnecTByeT HexoTopoe KOHenHoe hhcjio pe,iryKHHH, hcoGxo^hmbix fljia nojiyne- 
HH2 jiio6oro onepe^Horo 6nTa npecpHKCHoro KO,zia. 

(B cjiynae c njiamipyeMoft cncTeMoii MLC Kaacflbiii niar pe^ryiorHH caM BBinojiHHeTCH 3a 
peajiBHoe BpeMH, nosTOMy BapHanr onpe^ejieHHH c BBinncneHneM Ha ocHOBe TaKoii cncTeMBi 
cTaHOBHTCH OTHOCSH^HMCs k cpaKTHHecKOMy «real time».) npe^ByrynrnH npHMep He o6jia,n;aeT 

BTOpBIM CBOHCTBOM BBHfly paCTyrneft flJIHHBI SJieMeHTOB CnHCKa, nOSTOMy H JIJHO cTp aHnen 

HopMajiH3yeMoro HeorpaHHneHHo b peajibHOM BpeMeHH TepMa HaM nocjiy>KHT ,zrpyroH ero 
BapnaHT (GecKOHenHBift cnncoK c nepe^ryronxHMHCH hcthhoh h jiojkbio): 

Y(Xf.[T,F,f\), 

me [M 1 ,...,M n ] = [Mx, [M 2 , . . . , M n }}, a [M] = M. 

OcTaeTCH otkpbitbim Bonpoc o tom, HBjiHeTCH jih TBiopHHr-nojiHoft CHCTeMa, orpaHHneH- 
Has HopMajiH3yeMBiMH (b peajiBHOM BpeMeHn) TepMaMH. 

14 CncTeivia BBO^a-BbiBO^a Ha SnHapHbix ^epeBbax 

Ilpo^ojiJKHM HcnojiB30BaTB o6o3HaHeHH3 , onpe,n;ejieHH5i h yTBep>K^;eHHH, c^ejiaHHBie paHee 
h paccMOTpHM Gojiee ^eTajiBHo npe^jioxceHHyio cncTeMy BBOfla-BBiBOfla no cxeMe 

Output = (Xi. Program) Input. 

,ZIjih 3Toro BocnojiB3yeMCH BBe^eHHoii cepHajinsaHnen A-BBipaxceHHH n TpHBHajiBHoft ^ece- 
pnajiH3an;HeH: oHa nojiynaeTCH no^cTaHOBKoii X, cocTaBjuuornero oflHOTonenHBiii 6a3nc kom- 
6nHaTopHOH jiornKH, BMecTo jincTBeB opneHTnpoBaHHoro 6nHapHoro ^epeBa 6e3 Harpy3KH b 
y3Jiax, Ko^npyeMoro npecpHKCHBiM ko^om, h 3aMeHofl y3JioB Ha annjiHRaiinn jieBon hx BeT- 
bh k npaBofi. A HMeHHo, oTHBme 6yneM cnnraTB, hto Input nepBOHanajiBHo npe^cTaBjiaeT 
co6oil cepHajiH30BaHHBiH (bo3mo>kho, GecKOHeuHBiii) cnncoK, nofljieacarnHH ,n;ecepHajiH3anHH 
no Mepe HeoGxo^HMOCTH ,zyiH pe,zryKHHH, Tpe6yeMBix, b cboio onepe^B, ,zyiH nojiyneHHS npe- 
cpHKCHoro Ko^a Output. 
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Tor,n;a cymecTByeT cHcreMa Ko^npoBaHHa jins tckctob (nocjie^oBaTejibHocTeli chmbojiob 
H3 HeKOToporo KOHeiHoro Ha6opa) b BH^e onpe^ejieHHBix HaMH npecpHKCHBix ko^ob, Ta- 
Kas, hto jnoGan nporpaMMa b cMbicjie ajiropHTMa npeo6pa30BaHHH oflHoro TexcTa b ,zrpyroH 
MoaceT 6bitb 3aKo^HpoBaHa TepMOM Program e A°(i), BKjnoHan Te nporpaMMBi, KOTopBie pa- 
6oTaioT c GecKOHe^HBiMH TeKCTaMH (xax, HanpHMep, cat(l) h grep(l) b [15]), npnueM npo- 
rpaMMBi OKa3BiBaioTCH Bcio^y onpe^ejieHHBiMH, ecnii BBip axceHHH Program h Input Heorpa- 
HnneHHo HopMajiH3yeMBi, Tax xax H3 stoto cne,zryeT Taxxce HeorpaHnneHHaa HopMajiH3airHH 
Output. 

yTBepac^eHHe 2. Ecau X-mepMu M u N HeozpaHunenno HopMCuiU3yeMU, mo Heospanu- 
H6HH0 HopMajiU3yeMO u eupacHcenue M N. 

/JoKasameJibcmeo. ,II,eHCTBHTejiBHO, ecjin M n .V — r. h. (p., to n M N TOJKe pa3peniHM, a 
Tax Kax r. h. cp. noonepe^Ho npnHHMaioT Bee sjieMeHTbi nocjie^oBaTejiBHocTn cnncxa no,n- 
BBipa>KeHHH b r. h. cp., to npecpHKCHBifi KOfl He o6pBiBaeTCH 6e3 3aBepniaioiHero Hyjis. □ 

CncTeMBi peajiBHoro BpeMeHH, b cboio ouepeflB, cooTBeTCTByioT TepMaM Program, Heorpa- 

HHUeHHO HOpMajIH3yeMBIM B peajIBHOM BpeMeHH, eCJIH KO^HpOBaHHe TeKCTOB BBlGpaHO Tax, 

hto Input h, cjie^,OBaTejiBHo, Output, o6jia^aioT TeM >Ke cbohctbom. 

15 O^Hopo^Haa naMaTb KaK oco6mh bwr rpacJ)OB 

O^Hopo^HOCTB naMHTH b onHcaHHH ManiHHBi pe^yKUHH «The Heap Lambda Machine* |llj 
Mo>KeT 6bitb o6o6irieHa na ocoGbih bh,h; cncTeM c naMHTBio ycTpoeHHofl rpacbaMH onpe^ejieH- 
hoh CTpyKTypBi. Hnace 6yn;eT nocTpoeHo o6o6ineHHe HcnojiB3yeMOH naMara, 3aTeM 6yzryT 
BBe^eHBi cBoflcTBa cncTeM Ha ee ocHOBe, h, b HacTHocra, noKa3aHo, hto «The Heap Lambda 
Machine* HBjiaeTCH uacTHBiM cjiyuaeM TaKHX CHcreM, a njiaHnpyeMaa ManiHHa pe,nyKHHH b 
npoeKTe MLC o6jia,naeT Gojiee cHjibHbiMH cBoflcTBaMH. 

Onpe^,ejieHHe 5. ByzreM Ha3BiBaTB odnopodHou naMttmbm opneHTHpoBaHHBiH HanpaBjieH- 
hbih rpacb (to ecTB TaKofi rpacp, flyrn, Hcxo,zi5iHiHe H3 jno6oro y3jia KOToporo cocTaBjiHioT 
ynopH^oueHHoe MHOJKecTBo), c N y3JiaMH, Kaac^BiH H3 kotopbix HMeeT pobho Nq > 1 hcxo- 
,thhihx H3 Hero flyr. 

nOHCHHM BBl6op Ha3BaHHH ^JIH KOHCTpyKHHH H HMH HH^eKCa B Nc'- eCTeCTBeHHBIM B 

KOMnBioTepHOM MHpe npHMepoM onpe^ejieHHoii KOHCTpyKHHH mojkct cjiyscHTB naMHTB, co- 

CTOiHHaH H3 N O^HHaKOBBIX 6jTOKOB CO CTpyKTypOH B BHfle MaCCHBa H3 Nq HHeeK Co . . . Cn c 

(aHrji. cells), b kotopbix co^epacaTCH ccbijikh Ha ^pyrne Gjiokh b paMKax stoh naMHTH. Ho 

HeCMOTpH Ha TO, HTO B KOMnBIOTepaX 6JIOKH MOJKHO 6BIJIO 6BI HCnOJIB30BaTB TaKJKe flJIH 

xpaHeHHH h o6pa6oTKH co^;ep>KHMoro aueeK Kax HaTypajiBHBix unceji, a He yxasaTejien, h 
onpe^ejiHTb Taxace ctpokh, uncjia c njiaBaromeft tohkoh h t. n. npn ^ojijkhom ALU h FPU, 
HaM 6yzryT HHTepecHBi jihhib cncTeMBi 6e3 no^;o6HBix MexaHH3MOB b npoueccope hjih npo- 
n,eccopax; TaioKe mbi He 6ya;eM noxa paccMaTpHBaTB bbo^-bbibo^. 

TenepB paCCMOTpHM B03MO}KHBie CBOHCTBa CHCTeM Ha OCHOBe O^HOpO^HOH naMHTH. 
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Onpe^ejieHHe 6. Bojiee tohho, nofl cucmeMctMU mbi 6yneM no,npa3yMeBaTB ManiHHbi c 

COCTOHHHeM B BHfle OflHOpOflHOft naMHTH KaK BBIHHCJIHMBie (DyHKHHH Ha O^HOpO^HOH naMHTH 

c npiiMHTHBHBiMH onepannaMH, orpaHHieHHBiMii cpaBHemieM HByx Hon, h H3MeHeHiieM pyr, 
hcxohhihhx H3 n,aHHOH hohbi. 

15.1 CBOHCTBa CHCTeM Ha OflHOpOflHOH naMSTH 

Onpe/jejieirae 7. Chctcmoh 6e3 nomepu naMRmu mbi 6yn;eM Ha3BmaTB TaKne chctcmbi, 
coctohhhcm KOTopBix hbjihiotch tojibko CBH3aHHBie rpacpBi, Tor,n,a h tojibko Tor,n,a, Kor,n,a 
cymecTByeT ajiropiiTM, KOTopBiii no n,aHHOMy HexoTopoMy BBinejieHHOMy y3Jiy NULL h ccbiji- 
KaM H3 Hero BBicTpaHBaeT Bee y3JiBi b cnncoK nepe3 nepByio HneftKy Cq, nocjienHHii sjieMeHT 
KOToporo HMeeT Co = NULL. 

Onpe^ejieHHe 8. Tbwpum-noAnomou TaKHx cncTeM Ha30BeM TBiopHHr-nojiHOTy sthx ace 

CHCTeM, nOJIOJKHB N — > oo. 

Mojkho CKa3aTB, hto TBiopHHr-nojiHBie cHCTeMBi b HanieM cMBicjie hbjihiotch peajiH3anii- 
hmh TBiopHHr-nojiHBix cncTeM b o6m;eM CMBicjie. LTpHMepoM TBiopHHr-nojiHoii chctcmbi 6e3 
noTepn naMHTH h HBjineTCH ynoMHHyraH b Hanajie pa3flejia «The Heap Lambda Machine* c 
N c = 4. 

Onpe^ejieHHe 9. Pa6oTofl e peajit>HOM epeMenu chctcmbi 3asBHM chocoGhoctb CHCTeMBi 
nepexo^HTB H3 jno6oro coctohhhh k cjienyioiHeMy nyTeM H3MeHeHHH h aHajiH3a KOHenHoro 
CBH3aHHoro no/rrpacba, HannHaioiHerocH c NULL, to ecTB c KOJinnecTBOM y3JiOB, orpaHHneH- 

HBIM HeKOTOpBIM KOHeHHBIM HHCJIOM. 

KoMGnHaniieii Bcex Tpex BBe^eHHBix cbohctb h npjiHaia o6jia,n,aTB njiaHnpyeMan Ma- 
niHHa penyKHim b npoeKTe MLC; noxa BBi6paHo Nc = 4, KaK h b cjiynae c «The Heap 
Lambda Machine*, ho HHTepecHBiM oKa3BraaeTCH Haxo:>Kii;eHHe MHHHMajiBHBix 3HaneHHH Nq 
fljis TBiopHHr-nojiHofi CHCTeMBi 6e3 noTepn naMHTH KaK c pa6oTofl b peajiBHOM BpeMeHH, 
TaK h 6e3 Hee. 

16 HopMajiH3au,H5i b ^hctphSythbhom A-hchhcjighhh 

HopMajiBHan CTpaTerHH He hbjihctch HopMajiH3yiomeH fljia jxHCTpn6yTHBHoro A-HCHHCJieHHH. 
TeM He MeHee, cymecTByeT no KpaflHeii Mepe oniia scbcbeKTHBHaH (peKypcHBHan) HopMajm- 
3yiOHi;afl CTpaTerHH h,jih TaKofi penyKHim — sto TaK Ha3BmaeMaH BHyTpeHHHH cnnHOBan 
cTpaTerHH, KOTopan oTjinnaeTCH ot HopMajiBHoii jihihb b BBi6ope BHyTpeHHeii aGcTpaKirnn 
(Xx.M) N nocjie penyKiniH (3) (cm. nepByio nacTB oGocHOBaHHH ManiHHBi penyKiniH MLC), 
Trance ecjin bhchihhh aGcTpaKHHH Xy.(Xx.M) N ynacTByeT b hobom /3-pe,n,eKce. ManiHHa 6y- 
^eT peajiH30BBiBaTB HeKOTopyio Bapnaniiio stoh CTpaTerHH, He cjiaGee, neM TeopeTnnecKHH 
npoTOTHn. 

B npHjioHceHHH 6yneT npHBe^eHa CTpaTerHH c ^0Ka3aTejiBCTB0M ee HopMajiH3yK>mero 
cBoflcTBa. CTpaTerHH H3HanajiBHo GBijia npe^jionceHa aBTopoM b HecpopMajiBHOM Bnne h b 
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BH^;e KOMnt>K)TepHOH nporpaMMM, a 3aTeM cbopMajiH30BaHa Vincent van Oostrom b jihhhoh 
nepenncKe. ,H,OKa3aTejibCTBO 3aKpBiBaeT npexc^e otkpbitbih Bonpoc b [7J. 



17 IlpoeKT « Macro Lambda Calculus » 



<text> : 
<assign> 
<term> : 
<abstr> 
<appl> : 
<atom> : 



: <term> I <assign> <text> 
:= <id> ' = ' <term> ' ; ' 
: <appl> | <abstr> 
= <ID> ' : ' <term> I <ID> : 
: <atom> | <appl> <atom> 
= <ID> | '(' <term> ')' 



<abstr> 



TpaMMaTHKa, c KOTopofi Hanajica flaHHtiii paa^eji, onncbiBaeT cHHTaKcnc a3tiKa nporpaM- 
MnpoBaHHH b npoeKTe «Macro Lambda Calculus». Jlerxo 3aMeTHTB, hto 5I3bik npe^cTaBjiaeT 
co6on npocTyio (popMy HHCToro 6ecTnnoBoro A-HCHHCJieHHa c MaKpoonpe^ejieHHHMH. JXjik 
^aHHoro 23BiKa njiaHnpyeTca pa3pa6oTaTb HHTepnpeTaTop b BH^e ManiHHbi pe,iryKHHH onpe- 
^ejieHHoro BH^a, KOTopbift 6yneT noacHeH b nocjie^ryioiiiHx pa3^ejiax. 

B paMKax MLC paccMaTpHBaeTca bbo^-bbibo^i; no cxeMe 

Output = (Xi. Program) Input, 

no^,po6HO pa3o6paHHofl Bbirne. IIpeflnojiaraeTCH, uto bo BpeMa BbiHHCJieHHS npn npoBepxe 
Ha npncyTCTBHe pe^exca b Ho^ax, r^e Input hjih KaKoe-jin6o ero no^BbipaaceHHe ctoht b 
jieBofl uacTH annjiHKairHH, ocTaBjiaeTca 3anpoc Ha HTemie, pe^exc oTKjia^biBaeTca, nocjie 
uero BbiuHCJieHHe BbipaxceHHa npo^ojiJKaeTCH, a no3>Ke, Kor^a jieBaa uacrb annjiHKairHH 
6yn;eT ^ocTpoeHa, to ecTB cuHTaHa, cnncoK pe^excoB oGHOBjiaeTCH Tax, uroGbi cjie^yroirrHM 
pe^eKcoM oKa3ajics HMeHHo oh. 



17.1 «CHHTaKCHHecKHH caxap» 

LToKajKeM npHMep Hcnojib30BaHH2 BBe^eHHoro 23biKa c KOMMeHTapnaMH (ctpokh, HauHHaio- 

iHHeca c « » HmopHpyioTca) , b kotopom nepeonpe^ejiHM jiornuecKHe 3HaueHHa h onepa- 

hhh, cnncKH, KOM6nHaTop Heno^BHJKHofl tohkh, HyMepajibi, npocTeHiHHe apncpMeTHuecKHe 
onepaiiHH, a 3aTeM npe^cTaBHM b 33biKe BbipaaceHHe fljia: 4! ((paKTopnaji 4). 

Identity, the simplest combinator 

I = x: x; 



Select either first or second 

TRUE = first, second: first; 
FALSE = first, second: second; 

If condl then cond2 else FALSE 
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AND = condl, cond2: condl cond2 FALSE; 

If condl then TRUE else cond2 

OR = condl, cond2: condl TRUE cond2; 

Swap arguments for TRUE to become FALSE and vice versa 

NOT = cond: (first, second: cond second first); 

Pair of head and tail 

LIST = head, tail: (x: x head tail); 

List operations are postfix 

LISTOP = op: (list: list op); 

Select first part of pair 

HEAD = LISTOP TRUE; 

Select second part of pair 

TAIL = LISTOP FALSE; 

Ignore both parts of pair and return FALSE 

NULL = LISTOP (first, second: FALSE); 

Pseudo-list that ignores list operation and returns TRUE 

NIL = x: TRUE; 

Lists of identity terms ended with NIL 

NO = NIL; 
Nl = LIST I NO; 
N2 = LIST I Nl; 
N3 = LIST I N2; 
N4 = LIST I N3; 

Increment list length 

SUCC = LIST I; 

Decrement list length 

PRED = TAIL; 

--- If NO then TRUE else FALSE 
ZERO = NULL; 

Fixed point combinator by Turing 

A = self, func: func (self self f unc) ; 
Y = A A; 

Addition defined recursively for any numeral system 

PLUSR = self, m, n: (ZERO m) n (SUCC [self {PRED m> n] ) ; 
PLUS = Y PLUSR; 

Multiplication defined recursively for any numeral system 

MULTR = self, m, n: (ZERO m) NO (PLUS m [self {PRED m> n] ) ; 
MULT = Y MULTR; 
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Traditional factorial function example 

FACTR = self, n: (ZERO n) Nl (MULT n [self {PRED n>] ) ; 
FACT = Y FACTR; 

Evaluate factorial of four 

FACT N4 

18 OnncaHHe ManiHHbi MLC 

B npoeKTe «Macro Lambda Calculus» ManiHHa npe^cTaBjiaeT co6ofi onHoponHyio naMHTB, 
anpecyeMyio jiHHeimo, n npoueccop 6e3 apncpMeTHKo-jiornnecKoro ycTpoiicTBa, paSoTaiomnn 
no TaKTaM, to ecTB BpeMH Kancnpro rnara ero pa6oTt>i orpaHnneHo HeKOTopoii KOHCTaHToft - 
HH>Ke 6yn,eT HcnojiB30BaTBCH cbopMyjinpoBKa «b peajiBHOM BpeMeHH», nonpa3yMeBaioiiiaH, 
hto ^eflcTBHe BBinojiHHeTca 3a BpeMH 0(1). B naMHTH HaxonnTCH GecranoBoe A- BBip anceHne c 
Tax Ha3BiBaeMBiM « jieHHBBiM » cB5i3BiBaHiieM no^BBipajKeHHfi n KOJiBii;eBBie HBycBH3HBie cniic- 
kii pe^eKcoB ii cboGohhbix ho,zi. 

Ka^KHBin anpecyeMBift 6jiok naMHTH HMeeT pa3Mep neTBipex anpecoB, KOTopBie iicnojiB- 
3yK>TCH no-pa3HOMy, b 3aBiiciiMocTii ot KOHTeKCTa. Kaac^aji Hon,a BBipanceHHH cHa6:acaeT- 

CH Co6cTBeHHBIM HByCBH3HBIM CnilCKOM HCnOJIB30BaHHH cooTBeTCTByrornero nonBBipanceHHH 
BBHHy «JieHHBOrO» CBH3BIBaHHH. 

Ilepen, BBiniicjieHiieM BBipanceHHH, to ecTB np Hanajia paGoTBi ManiiiHBi, Tpe6yeTcn non,- 
roTOBHTB HanajiBHoe cocTOHHne cniicxa pen,eKcoB. B Hero bxoaht Bee f3- h ^-pe^eKCBi b 
BBipaJKeHiiii b nopnnKe, ^HKTyeMOM HopMajiBHoii CTpaTeriieii, a TaKHce cjienyioiiiHH pnn, non,- 

BBipaJKeHHfi. 

LTycTB BeKTop M = Mi, . . . , M n , h R — /3-pen,eKc, npnneM KM — nonBBipanceHHe bbi- 
HiicjiaeMoro ciicTeMoii BBipanceHHH. Tor^a b cniicoK pe^excoB npGaBjiHioTCH TaKHce Kancnpe 
H3 no^BBipajKeHiifi R Mi, R Mi M 2 , . . . , R M b TaxoM nee nopnnKe cpa3y nocjie pe^exca R. 

LTocjie 3arpy3KH BBipanceHHH b naMHTB ManiiiHBi h nonroTOBKH HanajiBHoro coctohhhh 
cnncKa pe^eKcoB MarniiHa mohcct HanaTB cboio paGoTy. KajKHBiii mar pa6oTBi npoH3BonHT 
aHajiii3 nepBoro sjieMeHTa cniicxa pen,eKcoB. Ecjiii sjieMeHT ccbijiaeTcn Ha nonBBipaHceHHe, 
KOTopoe ^eiicTBHTejiBHo HBjineTCH pe^excoM, npoH3Bo^HTCH oflHH rnar pe^yKinrn no npa- 
BHjiaM niicTpnGyTHBHoro A-HcnncjieHHH. 3aTeM cnncoK pen,eKcoB oGhobjihctch 3a BpeMH, 
orpaHnneHHoe KOHCTaHTofl, Tax, hto6bi o6ecnennTB HopMajiH3yioni;yio CTpaTernio. 

PeajiH3aniiH npaBHji nncTpnGyTHBHoro A-ncnncjieHnH TpeGyeT yrajieHHH HexoTopBix non,- 
BBipanceHHH h BBinejieHHH hobbix Hon,. Tax k&k TpeGyeTCH peajiH3anHH b peajiBHOM BpeMeHH, 
to h,jih y^ajieHHH h BBinejieHHH Hon, 6biji BBiGpaH cBoeo6pa3HBiii <<c6opinnK Mycopa». 

IIo cyTH, y^ajieHne nonBBip anceHHH npnBOHHT jihihb k yuajieHHio cooTBeTCTByromero 3Jie- 
MeHTa cnncKa HcnojiB30BaHHH 6e3 npoxo^a bhh3 no n,epeBy 3Toro nonBBipaHceHHH. LTocjie 
y,n;ajieHHH hohbi, oHa 3aHocnTCH b cnncoK cboGohhbix hoh,. LTpn stom n,epeBo cooTBeTCTByio- 
mero nonBBipaHceHHH b o6m;eM cjiynae Bee eme coxpaHHeTCH. Korn,a npnxonnT BpeMH BBine- 
jihtb Hony, ee npnepHne sjieMeHTBi npoxonHT Ty nee npon,enypy yn,ajieHHH. TaKHM o6pa30M, 
y^ajieHHe nonBBipaHteHHH 0Ka3BiBaeTCH peajiH3yeMBiM b peajiBHOM BpeMeHH 6e3 noTepB. 
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18.1 IljiaH o6ocHOBaHHa 



YTBepjK^aeTCH, hto ManiHHa nocTpoeHa KoppeKTHo h fleiicTBHTejiBHo HaxoflHT cymecTByio- 
uxiie Pt]-h. (p. npn flocTaTOHHoft naMSTH. Cjie,n;oBaTejiBHo, HaM TpeGyeTca oGocHOBaTB yTBep- 
>K^;eHHe o tom, hto MexaHH3M paGoTBi ManiHHBi nocTpoeH KoppeKTHo, oGecneHHBaeTca pa6o- 
Ta b peajiBHOM BpeMemi Bcex rnaroB h ManiHHa ^eftcTBHTejiBHo oGjia^aeT HopMajiH3yioiu;HMH 
cBoflcTBaMH npn 3KCTeHCHOHajiBHocTH 6e3 noTepn Gjiokob naiiHTH. 06ocHOBaHiie 6yn;eT co- 

CTOHTB H3 HeCKOJIBKHX HaCTeft. 

1. IIpefljiaraeMaH peajiH3aini5i npaBHji ^HCTpiiGyTHBHoro A-HCHHCJieHHfl, KOTopBie 3aMe- 
hhiot /S-pe^yKHiiio. 

2. MeTo,n; o6Hapy>KeHHJi hobbix r^-pe^eKcoB. 

3. ,H,oKa3aTejiBCTBo ^ocTaTOHHocTH HanajiBHoro coctohhhh cnncKa pe,n;eKcoB ,hjih 3KCTeH- 

CHOHajIBHOH HOpMajIH3aHHH BBIHHCJIHeMOrO BBipaJKeHHH (npH ^OCTaTOHHOH naMHTH H 

cymecTBOBaHiiii (3r]-H. (p.). 
18.2 IlepBaa nacTb 

PaccMOTpiiM Bee neTBipe npaBiuia pe,nyKHHH ^;iicTpn6yTHBHoro A-HCHHCJiemia. HanoMHiiM, 
hto npaBiuia noKpBiBaioT neTBipe bo3mo>khbix cpopMBi Tejia cpyHKHiiH b /3-pe^eKce. 

1. (Xx.x) M = M (TOJK,n;ecTBo) . 

2. (Xx.y) M = y (KOHCTaHTa) . 

3. (Xxy.M) N = \y.(\x.M) N (aScTpaKinra). 

4. (Ax.Mi M 2 ) N = (Ax.Mi) N ((Xx.M 2 ) N) (annjiHKainifl). 

(^yGjiiipoBaHiie nepeMeHHoii MoaceT npiiBecTii k noTepe r^-pe^eKcoB h HeB03M0>KH0CTii hx 
HaxojK^eHHH no nojinnecTBy ncnojiB30BaHiiH nepeMeHHoii — Tpe6yeT oT^ejiBHoro paccMOT- 
peHHH; bo3mo>kho, KoppeKTHocTB oGecnennBaeTCH TeM, hto nepeMeHHaH x yace He 6yn;eT 
ynacTBOBaTB b r/-pefleKcax, KOTopBie 6bi ocTaBajiiicB nocjie ^ocTiixceHHJi /3-n. (p.) 

HTax, nepefi^eM k oniicaHiiio peajiii3an;iiii Kaacfloro H3 npaBiui. Bo3Mo>KHBie HOBBie (3- 
pe^eKCBi, noHBjunoinHecH b KOHTexcTax, HcnojiB3yiorixHx pe^yniipyeMyio Ho,n;y, 6ynyT pac- 
CMOTpeHBi no3,n;Hee. Cjie^yeT HMeTB b Bii^y, hto 3aMeHa ho^bi pe^exca Ha ^pyryio Ho^y co- 
npoBOJK^aeTCH co3^;aHHeM ^onojiHHTejiBHoro sjieMeHTa cnncKa ee HcnojiB30BaHHH. B Ka>K^;oM 
cjiynae pe^exc kbk no,n;BBipa:>KeHHe yuajraeTCH. Hop, «co3^aHHeM» ho^bi hjih (cooTBeTCTBy- 
lomero) no^BBipa>KeHHH no,npa3yMeBaeTC5i BBi^ejieHHe He 6ojiBHie HeKOToporo nocroHHHoro 
HHCJia Gjiokob naMHTH c yBejiHHeHHeM KOJinnecTBa HcnojiB30BaHHii yHacTByiomiix no^BBipa- 

JKeHHH. 

1. Ho^a pe^exca 3aMeHsieTC5i Ha Ho^y M. TeKymnii sjieMeHT cnncKa pe,n;eKcoB yflajiaeTca. 
Hobbix pe^eKcoB b pe^yinipyeMOM no^BBipa>KeHHH He co3^aeTCH. 
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2. Ho^a pe^exca 3aMeHHeTC2 Ha HOfly y. TeKyiHHH sjieMeHT cnncKa pe^eKcoB yz^ajiaeTcs. 
Hobbix pe^eKcoB b pe^ryunpyeMOM no^BBipa>KeHHH He co3^aeTca. 

3. Co3^;aioTCH ho^bi Xx.M, (Xx.M)N h Xy.(Xx.M) N, h Ho^,a pe^exca 3aMeHHeTca Ha 
nocjie^Hioio. TeKymnii sjieMeHT cnncKa pe^eKcoB 3aMeHHeTCJi Ha (Xx.M) N, hto ,hhk- 
TyeTCH BHyTpeHHeli cnHHOBoii CTpaTerHefi. BojibHie HOBbix pe^eKCOB b nojiyHHBHieMCH 
no^BBipaJKeHHH He co3,n,aeTCH. 

4. CosflaioTCH ho^bi Xx.Mi, Xx.M 2 , (Xx.Mi) N, (Xx.M 2 ) N h (Xx.Mi) N ((Xx.M 2 ) N), h 
Ho^a pe^exca 3aMeHHeTCH Ha nocjie^Hioio. Ilepefl TeKyniHM sjieMeHTOM cnncKa pe^ex- 
cob BCTaBjisieTCH (Xx.Mi) N (bo3mo>kho, cTpaTerna HapyniHTCH, ecjin Mi HBjiHeTCH an- 
njiHKaHHen) , a b KOHen, cnncKa (hto bo3mo>kho H3-3a hhkjihhhocth cnncKa) pe^eKcoB - 
(Xx.M 2 ) N (He,n;ocTaeT ,noKa3aTejiBCTBa Toro, hto nocjie^Hee coxpamieT HopMajiH3yio- 
m;ee cbohctbo nojiyHHBHieHCH cTpaTerHn). BojibHie hobbix pe^excoB b nojiynHBineMCH 
no^BBipa>KeHHH He co3flaeTca. 

18.3 BTopaa nacTb 

SaMeTHM, hto ?7-pe^i;eKCBi MoryT nopoxc^aTB HOBBie r^-pe^eKCbi: 

Xx.y (Xz.x z) = Xx.yx. 
B cboio onepe^b, /3-pe^eKCbi TaioKe MoryT nopoac^aTb r/-pefleKCbi: 

Xx.y (I x) = Xx.yx. 
06paTHoe nocjie^HeMy yTBepac^eHHe, o^Haxo, HeBepHO. LIoKaJKeM sto. 
yTBepac^eHne 3. KonmpaKi^usi rj-pedeKcoe ne nopoMcdaem noeux [5-pedeKcoe. 
/(oKasameAtcmeo. LlycTB H = Xx.M x ecTb rj-peppKc, to ecTb M He co^;ep>KHT cboGo^hbix 

BXOJK^eHHH nepeMeHHOH X. Bo3BMeM npOH3BOJIbHBIH KOHTeKCT C[ ] H paCCMOTpHM TpH 

HcnepnBiBaioiirHx B3aHMOHCKjiioHaioiixHx BapnaHTa (C'[ j - HeKOTopBift kohtckct, h iV - 

IipOH3BOJIBHBIH TepiVl). 

1. C[ ] = C[[ }N}. 

2. C[ ] = C'[N[ ]]. 

3. C[ ] = C'[Xx.[ ]]. 

OneBH^Ho, hto ^jih cjiynaeB (2) h (3) ^-peflyKHHa H k M b BbipaaceHHH C[H] = C[M] He 
npHBCflHT k noHBjieHHio hobbix pe^excoB. B cjiynae (1) M N mojkct oxasaTBcsi /3-pe^eKcoM, 
o^Haxo BBipaaceHHe H N HBjisjiocb /S-pe^excoM em;e ^o ^-pe^ryKHHH H k M. □ 
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Ife 3Toro (paicra cjie^yeT, hto 6e3onacHo oTRjia^bmaTb 77-pe,nyKHHio ckojib yroflHo ,zi;oji- 
ro 6e3 yrpo3t>i HopMajiroyiomeMy cBoftcTBy. TaKiiM o6pa30M, 0Ka3BiBaeTCH npneMjieMBiM 
peirreHiie o6Hapy>KHBaTB HOBBie r/-pefleKCH npn npoHe^ype yuajieHHH hoa, OTBenaioiiiHx hc- 
nojiB30BaHHHM nepeMeHHoii, to ecTB b o6m;eM cjiynae k KOHuy pa6oTBi <<c6oprrrHKa Mycopa». 
(IIo^;pa3yMeBaeTCH, hto b cjrynae 3aBeprneHHH o6pa6oTKH cnncKa pe^excoB, «c6opm,HK My- 
copa» Ha^HHaeT bbi^cjihtb cBo6o^HBie 6jiokh naMSTH, TeM caMbiM BbinojiHHs TpeGyeMyio 
upoBepKy nepeMeHHbix, onnuiaTB hx, h BKjnonaTB oGparao b cnncoK cboGo^hbix HOfl, npoxo- 
rs. no HeMy nojiHocTbio, noxa He ocTaHeTca HiiKaKiix ^epeBbeB noflBbipaaceHHH, nofljieacannix 
yn,ajieHHio.) 

IIpoBepKa Ha pe^exc noKa3biBaeT nojio>KHTejibHbiH pe3yjibTaT Tor^a h TOJibKo Tor^a, 
Korfla yuajiaeTca Hcnojib30BaHHe nepeMeHHofl, h ocTaeTca em;e flBa, npnneM 06a ohh yxjia- 
^biBaiOTCH b cpopMy ?7-pe^i;eKca. 3to mojkho onpe^ejiHTb b peajibHOM BpeMeHH Gjiaro^apa 
ccbijiKaM Ha po^HTejibCKHe ho^m b sjieMeHTax cnncKOB Hcnojn>30BaHHH. 

JIio6bie nepeMeHHbie, KOTopbie MoryT ynacTBOBaTB b hobbix 77-pe,n,eKcax, oKasbreaiorcs b 
KOHeHHOM HTore b cnncKe cbo6o^hbix ho,h, a 3HaHHT h Ha npoBepxe «c6opmHKOM Mycopa», 
Tax Kax nocjie KajK^oii peflyKHHH yuajineTCH pe^exc, h oh siBjisieTcsi e^HHCTBeHHoii H3MeHH- 

eMOH HaCTBK) BBIHHCJIHeMOrO BBipaJKeHHH. 

18.4 TpeTbH nacTb 

HanoMHHM, KaKHe ho^bi 3aHocHTCJi b cnHcoK pe^eKcoB flp Hanajia paGoTbi chctcmbi. 3to Bee 
r/-pefleKCBi b npoH3BOJiBHOM nopa^Ke, Bee /3-pe^eKCBi b nopa^Ke, ^HKTyeMOM HopMajiBHoft 
CTpaTernen, ho cpa3y nocjie Ka>K^;oro /3-pe^eKca R 3aHocHTCH Taioice HOflbi 

RM 1 ,RM 1 M 2 ,...,RM, 

r^e M — BeKTop HaH6ojiBHieH ^jihhbi n (bo3mo>kho, HyjieBoft), KOTopBift ynoBjieTBopaeT 
CTpyKType KOHTexcTa C[ ] pe^exca R. IIo,fl;pa3yMeBaeTCH, hto ^jih R h Bcex sjieMeHTOB 
BeKTopa M HOflM, nofljieacaiipie 3aHeceHHio b cnncoK pe^eKcoB, Gbijih hjih 6ynyT o6pa6oTa- 
hbi OT^ejiBHO ot uenoHKH annjiHKauHH RM. IIoKa>KeM, hto HanajiBHoe cocTOHHHe cnncKa 
pe^eKcoB, no^roTOBjieHHoe TaKHM o6pa30M, ^ocTaTOHHo ,zyiH coxpaHeHHH HopMajiH3yK>mero 
cBoflcTBa b peajiBHOM BpeMeHH ManiHHOH c onncaHHBiMH paHee CTpyKTypoii h MexaHH3MaMH 
pa6oTBi. 

yTBep^K^eHHe 4. HauajibHoe cocmojmue u Mexanu3M pa6omu mclwuhu MLC docmamoH- 
hu 3ah HopMajiu3yK>meso ceoucmea. 

/(oKasameAtcmeo. Tax xax BeKTop M HMeeT HanGojiBHiyio ^jiHHy, to kohtckct C[ ] MoaceT 
HMeTB jihhib o^Hy H3 cjie,n;yiomHx (popM, r^e L ecTB HeKOTopBiii TepM, a C'\ \ - 6ojiee 

BHeHIHHH KOHTeKCT. 

1. C[ ] = C'[Xx.[ ]]. 

2. C[ ] = C'[L[ ]]. 
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3. C[ ] = [ ]. 



IIpH 3tom cbopMa C'[[ ] L] HeB03Mo>KHa , Tax Kax fljiHHa BeKTopa M Bt»i6paHa m axciiM ajiB- 
Hoft, a cjiynaft (3) TpuBnajieH. 

Cjie^yeT Taxace otmcthtb, hto ocTajibHbie ho^bi, KpoMe u.enoHKH annjiHKairHft RM, b 
KOHTeKCTe C'[ ] TaK>Ke o6pa6aTBraaioTcs oT^ejiBHo. 3Toro ^ocTaTOHHo noTOMy, hto pefleic- 
com R MoryT nopoxc^aTBCs HOBBie /3-pe^eKCBi jihhib b no^BBipaaceHHH R M BBH^y orpaHHHe- 
hh3 oGjiacTH co3^;aHH2 hobbix /3-pe^eKcoB TejioM a6cTpaKu;HH b cjiynae (1) h npaBoii nacTBio 
annjiHKairHH b (2). 

IIpH 3tom BBiineonHcaHHBiH MexaHH3M pa6oTBi caMHx inaroB pe,nyKiTHH KOHTpojinpyeT 
Gojiee BHyTpeHHue B03MOJKHBie pe^excBi h Ha o^thom c R ypoBHe. 3HaHHT, ceftnac TpeGoBajiocB 

^efiCTBHTejIBHO paCCMOTpeTB JIHHIB Te pe^eKCBI, HTO C03^aiOTC2 B pO^HTejIBCKHX Ho^ax. □ 

19 3aKjnoHeHHe 

HTax, mbi o6o3HaHHjiH onpe;i,ejieHHBift Kjiacc chctcm — ManiHH pe^yKuiiii rpacpoB c ojiho- 
po^Hofi naM3TBio h BBejiH cnocoG cepHajiH3an;HH pe3yjiBTaTOB He nocjie 3aBepnieHH5i bbihhc- 
jieHHH, KOToporo MOJKeT h He 6bitb BOBce, a bo BpeMH BBinojmeHHH pe/iyKHHH. Taxxce mbi 
onpe^ejiHjiH KjiaccBi TepMOB, ^jih kotopbix npouecc cepHajiH3aHHH o6jia/iaeT nojie3HBiMH 

CBOHCTBaMH . 

IIO Mepe pa3BHTHH nO^HHTOH B ^aHHOH CTaTBe TeMBI, OCTajIHCB OTKpBITBIMH HeKOTOpBie 

HHTepecHBie BonpocBi: HanpHMep, o TBiopHHr-nojmoTe BBe^eHHBix KjiaccoB TepMOB h j^axce 
06 SKBHBajieHTHOCTH HeorpaHHHeHHo HopMajiH3yeMBix h HeorpaHHieHHo HOpMajIH3yeMBIX 
b peajiBHOM BpeMeHH TepMOB; He MeHee BOJiHyiorrrHM aBTopa BonpocoM aBjiaeTca h mhhh- 
MajiBHBie KOJiHHecTBa aneex b Gjioxax o/iHopoiiHoft naMara jj;jia BBinojmeHHH pa3JiHHHBix 

KOM6HHaHHH H3 TpeX paCCMOTpeHHBIX CBOftCTB CHCTeM Ha ee OCHOBe. 

Ha ,n;aHHOM 3Tane, TeM He MeHee, npnopnTeT oT/iaeTca peajiH3airHH ManiHHBi MLC Kax 
HHTepnpeTaTopa H3BiKa nporpaMMnpoBamui, o6jia;j,aioiiieft bccmh TpeMH BBe^eHHBiMH cboh- 
CTBaMH, b paMKax cTaH^apTHofi yHHBepcajiBHofl onepau,HOHHOH chctcmbi POSIX [15J c no- 
mohibio TaKHX cpe/icTB, KaK c99(l), lex(l), yacc(l) h make(l). 

A BHyTpeHHaa cnHHOBaa CTpaTerna 

Mbi nojiojKHTejiBHo 3aKpBiBaeM Bonpoc A. 1.6 b [7J o tom, cymecTByeT jih peKypcHBHaa Hop- 
MajiH3yioni,aH o^HoniaroBaa cTpaTerna jj;jih «Micro Lambda Calculus», r/j;e nocjie/iHee 060- 
3HanaeT peajiH3airHio A-HCHHCjiemiH no Revesz [6j, pa36HBaa (aHrji. distribute) /3-pe/iyKirHio 
Ha neTBipe HCHepnBiBaioiiiHx npocTeftiHHx npaBHjia b 3aBHCHMocTH ot cbopMbi Tejia M a6- 
cTpaKii;HH b P-peppKce (Xx.M)N. Ho cHanajia mbi cHaG^HM pe/jyiorHio «Micro Lambda 
Calculus» Gojiee cbopMajiBHBiM HaHMeHOBaHHeM h flaflHM eft cTporoe onpe^ejieHHe^. 

1 Vincent van Oostrom npefljiojKiui jihhhbim coo6meHiieM [8] ,n,aHHi>ie nocTpoemra b HecKOjibKO flpyroM 
BHfle — aBTop no3BOJinji ce6e bh^oiismghhtb o6o3HaHeHHH ii BbipaxaeT HaflejKfly Ha to, hto eMy yuajioct 
ynpocTHTb flOKa3aTejibCTBa flByx BajKHbix yTBepjKfleHiiii. 
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Onpe^ejieime 10. fl,ucmpu6ymueHasi pedyKyun onpe^ejiaeTca k&k 
r^e 

$ = {((Xx.x)M,M) | M G A}, 

ft = {((Xx.y) M,y) \ M e A}, 

$ = {((Ax.Ay.M) A^, Ay.Ax.MiV) | M,Af 6 A}, 

05 = {((Ax. MAT) P, (Ax.M) P ((Xx.N) P)) | M, N,P <E A}. 

^onojiHHTejibHO o6o3HauHM cjie^yrouiHe OTHOineHna: 







(M,N)ep d , 


M —t-i N 




(M,N)ePi 


M —} c N 




(M,N)e(3 c d , 


M -> t N 




(M,N)ep l d , 






(M,N)ep a d . 



yTBep^cfleHHe 5. JIw6ou ftd-pedeKC ecmt> /3-pedeKC, u nao6opom. 

r JJoKa3ameAt>cmeo. YTBepxc^eHHe Henocpe^CTBeHHO cjie^yeT H3 onpe^ejieHHa fi d . □ 

HopMaJi03yiomee cbohctbo cTpaTernn, KOTopaa h 6ya;eT 3aKpBiBaTB npeac^e otkpmtmh 
Bonpoc, onnpaeTCH, c o^hoh ctopohbi, Ha HopMajiH3yiomee cbohctbo chhhoboh pe^;yKH,HH 
fljia oGmuhoto A-HCHHCJieHHH, a c ^pyrofl — Ha 3aBepniHMocTb sjieMeHTapHbix npasHJi, Kax 
b cHCTeMe Ax — BapnaHTe A-hchhcjichhh c «explicit substitution*. Onpe^ejiHM caMy erpa- 
Ternio, fljia KOTopofl mm 6yneM ,noKa3BiBaTB HopMaJiH3yiOH];ee cbohctbo. 

Onpe/j,ejieHHe 11. BnympeHUHH cnunoeasi cmpameeusi Bcer^a OT^aeT npnopHTeT caMOMy 
BHyTpeHHeMy pe^excy cpe^H chhhobbix pe^eKcoB (cm. onpe^ejieHHe 4.7 b [16J). 

A.l KoppeKTHOCTb ,Z],HCTpH6yTHBHOH pe^yKD,HH 

IIoKajKeM, uto ^HCTpuGyTHBHaa pe,nyKnHH coxpaHneT KOHBepTupyeMocTb. 
y riiq)>K;i,(!iino 6. M ^JV =>- M —p N '. 

floKaaameAhcmeo. PaccMOTpuM Kaac^oe H3 ueTbipex no^TMHoacecTB fi^. 
1. Ecjih M — >i N, to fljia HeKOToporo P 

M = (Xx.x) P AN = P, 

ho Tor,n;a 

(Xx.x) P x[x := P] = P. 



20 



2. Ecjih M — > c N, to fljia HeKOToporo P 

M = (Xx.y) P A N = y, 

ho Tor^a 

(Xx.y) P y[x := F] = y. 

3. Ecjih M — >i N, to fljia: HeKOToptrx P n Q 

M = (Xx.Xy.P) Q A N = Xy.(Xx.P) Q, 

ho Tor,n,a 

(Xx.Xy.P) Q (Ay.P)[x := Q] = Xy.P[x := Q] ^ Xy.(Xx.P) Q. 

4. Ecjih M — )- a AT, to fljia HeKOToptrx P, Q vl R 

M = (Xx.P Q)RAN= (Xx.P) R ((Xx.Q) R), 

ho Torfla 

(Xx.PQ)R^p (PQ)[x := P] = P[x := P] Q[z := R] <-f, (Xx.P) R ((Xx.Q) R), 
Tax KaK mm paccMOTpejiH /3 l d , (3%, (3 l d h f3 d , to yTBep>Kji;eHHe BepHo h fljia /3d. □ 

A. 2 Heo6xo^,HMbie onpe^ejiemiH 

Onpe^ejieHMe 12. M* — sto TepM, nojiyueHHBm KOHTpaKHiieii Bcex /3-pe,n,eKCOB M. One- 
pauHio • mojkho pacraviaTpHBaTB KaK noAHoe (3-pa36umue TepMa M. 

Onpe/i,ejieHHe 13. LQar Ha3biBaeTcs decmpyKmuenuM, ecjin oh npoH3BOJXHT KOHTpaKinno 
pe;i;eKcoB BH/j;a ((Xx.(Xy.P) Q)) R. OcTajiBHBie niarn Ha30BeM nedecmpyKmueHUMU. 

Hania cTpaTerna ocHOBaHa Ha Ha6jno/i;eHHH, hto iXHCTpH6yTHBHa5i pe,zryKHHH coxpaHHeTcs 
npn npoeKTHpoBaHHH Kaac^oro TepMa M Ha ero M*, kojib cKopo ee niarn He hbjihiotch 
flecTpyKTHBHMMH. He/i;ecTpyKTHBHbie niarn 6yzryT cnpoeKTHpoBaHBi c noMorubio onepaniiH 
nojiHoro /3-pa3BHTHH Ha /3-peixyKHHOHHbie ijenouKH. 

O/xriaKo, BMecTo Toro, htoGbi flOKasMBaTb HacTOJibKo o6ru;ee yTBepjKflemie, mm 3aMeTHM, 
hto niarn, flHKTyeMMe BHyTpeHHeft chhhoboh cTpaTerneii (/yis KpaTKocra TaKHe niarn Mbi 
6yn,eM Ha3BiBaTB BHyTpeHHHMH cnHHOBBiMH niaraMn) , HeflecTpyKTHBHM 6jiaroflapa TOMy, hto 
ohh oTflaioT npnopHTeT pe/xyKiniH Tejia aGcTpaKHHH b BbipaxceHHHx BHfla ((Xx.(Xy.P) Q)) R, 
a 3aTeM noKa>KeM, hto jiio6oh BHyTpeHHHH chhhobbih rnar cooTBeTCTByeT He 6ojiBHie ueM 
oflHOMy rnary /3-pejxyKHHH. Bojiee toto, b cjryuae, Kor/^a BHyTpeHHHii chhhobbih rnar /xhctph- 
6yTHBHOH pe^yKHHH npoeinipyeTCH c noMoruBio • b nycTofi rnar, o6pa3 He nopoacflaji hobbix 
,5-pefleKcoB, a 3HaiHT, TaKofi rnar cynxecTByeT jinnib b /xHCTpH6yTHBHOH pe/xyKUHH. nocjie/i- 
Hee MOJKeT 6bitb npe/icTaBjieHO cpopMajiBHO npoeniipoBaHHeM TaKoro niara Ha x-rnarn b 
CHCTeMe Ax ( A-hchhc jieHtie c «explicit substitutions*, cm. [17] ) c noMoruBio cjie/iyiorneH one- 
panHH. 

Onpe^ejieHHe 14. M* — bto TepM, nojiyueHHBiH 3aMeHOH Kaxcijoro /3-pe,a;eKca (Xx.P) Q 
Ha P(x '.— Q) b TepMe M. Onepaniiio o mojkho paccMaTpnBaTB KaK 9Kcruiu$UKav ) uK> M. 
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A. 3 ,H,OKa3aTejibCTBO HopMajiioyiomero CBOHCTBa 

yTBepac^eHHe 7. Ecau M — >d N, mo au6o mas M* — >p N' eunoAHSiem KonmpaKi^um cnu- 
Hoeoeo pedeKca, jiu6o M* = N' u M° — > x N° . 

JJoKa3amejibcm60. PaccMOTpHM B03Mo>KHBie cjiynaH. 

1. Ecjih BHyTpeHHHfi cnHHOBHH mar M — > N cooTBeTCTByeT M — >d N, to M* = N* h 
M° — > x N° cjie^yioT H3 yTBepac^eHna o KoppeKTHocTH ,nHCTpH6yTHBHofi pe,nyKnHH. 

2. Ecjih BHyTpeHHHfi cnHHOBBifi niar M P — > N P cooTBeTCTByeT M — >j N, to omrpancB 
Ha ,noKa3aHHOCTB yTBepjK^eHHH ,hjih (1), paccMOTpHM Tpn cjiynan. 

(a) MP — /3-pe^,eKc. 

Tor^a M = Xx.M' n N = Xx.N' ^jih HexoTopBix M' h N' , h M' -¥p N' , cjie^o- 
BaTejiBHo, jih6o 

(MP)' = M"[x := P'} -+ p N"[x := P'\ = (N P)' 

HBjineTCH cnHHOBBiM HiaroM, jih6o 

(MP)' = M"[x := P # ] = N"[x := P*] = (N P)' 

H 

(MP)* = M'°(x := P°) N'°(x := P°) = (iVP)°. 

(b) MP — He /S-pe^exc, ho TV P — /3-pe^;eKc. 

Tor^a A" = Xx.N' rjiz HexoToporo iV' h jih6o M — >j A" h M = (Arr.x) AT, jih6o 

M — >j A" H flJIH HeKOTOpBIX M' , N" 

M = (Xxy.M')N"; 
N' = (Xx.M') N". 

BapnaHT c f} % d TpHBHajieH, a b cjiynae f3 l d mm HMeeM 

(MP)' = {{Xxy.M') N"YP* = (Xy.M'y[x := N"*} P* = (Xy.M"[x := N'"]) P* 

H 

(N P)' = ((Xy.N') Py = (Xy.(Xx.M') N") P 9 = M"[x := N'"][y := P'] 

ho Tor/xa (M P)' — >p (N P)* h, cjie^oBaTejiBHo, ,noKa3BiBaeMoe yrBepacflemie iiiie- 
eT MecTO, h6o rojioBHofi pefleicc hbjihctch nacTHBiM cjiynaeM cnHHOBoro. 

(c) MP - He /3-pe^eKc, aiVP — To>Ke He /3-pe^eKc. 

Tor^a (N Py = N' P* h (ATP)* = N° P°, H3 nero aBTOMaTHHecKH cjie^yeT ^;o- 
Ka3biBaeMoe yTBepac^eHHe. 
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3. Ecjih BHyTpeHHHii ciihhobhh uiar P M — >■ P N cooTBeTCTByeT M — >d N, to omrpancb 
Ha flOKa3aHHocTb yTBepjK^eHHH fljia: (1), 3aMeTHM, hto P M He mojkct 6biTb pe^excoM, 
cjie^OBaTejiBHO, pe^eKCOM He aBjiaeTCH h P N. Ho Tor^a jih6o 

(PM)' = P' M* P' N' = (PN)' 

aBjiHeTCH cnHHOBBiM HiaroM, jih6o 

(P M)' = P' M' = P'N' = (P N)' 

H 

(PMf = P°M° -> t P°N° = (PN)*. 

4. Ecjih BHyTpeHHHft chhhobmh niar Xx.M — y Xx.N cooTBeTCTByeT M — N, to onnpa- 
scb Ha jj;oKa3aHHOCTb yTBepjKjj,eHHH fljia (1), mm HeMeiiJieHHO nojrynaeM, hto jih6o 

(Xx.M)' = Xx.M' Xx.N' = (Xx.N)' 

HBjiHeTCH cnHHOBBiM HiaroM, jih6o 

(Xx.M)' = Xx.M' ee Xx.N' ee (Xx.N)' 

H 

(Xx.M) ee Xx.M° ^ x Xx.N ee (Ax.iV) . 

TaKHM o6pa30M mm Hcnepnajni Bee B03Mo>KHbie cjrynan. □ 

yTBep^KfleHne 8. BnympeHHRfi cnunoean cmpamesusi ttejifiemcsi HopMaAUsyjou^eu. 

JJoKasameJibcmeo. Ha ocHOBaHHH npe/xbiixyinero yTBepacflemiH, GecKOHeHHaa jxncTpHGyTHB- 
Has pe/xyKHHOHHaH ijenonKa H3 HexoToporo TepMa M, HMeiomero h. cp. M, nopo/XHjia 6m 
6ecKOHeHHyio cnHHOByio /3-peixyKHHOHHyio uenoHKy H3 M*, ecjin 6bi HanHHas: c HeKOTopofi 
cpopMbi N b ^HCTpnGyTHBHOH ijenonKe Bee flajibHeftniHe cpopMbi He 6mjih 6m oTo6pa:aceHM 
Ha N'. Ho Torjj;a cHOBa b cnjiy npej^bijjyinero yTBepac^eHna GecKOHenHaa /jiicTpHGyTHBHaii 
n;enoHKa H3 N nopo/xiijia 6m GecKOHenHyio x-pe/xyKHHOHHyio ijenonKy H3 iV°. 

BecKOHeHHbie cnHHOBbie /3-pejxyKHHOHHbie ijenonKH H3 N* h6bo3mo>khm, Tax xax M h M* 

HBJI5HOTC2 /3-KOHBepTHpyeMMMH, TaKHM o6pa30M HMe2 O/XHy H Ty JKe /3-H. (p. M, a CnHHOBbie 

cTpaTerHH, b cboio onepe/ib, HBjiHioTca HopMajiH3yroirj;HMH |16| . B cboio onepe/xb, 6ecKOHen- 
Hbie s-peflyKHHOHHMe uenonKH HeB03Mo>KHM, Tax Kax s-peflyKHHH (npaBHjia noflCTaHOBKn) 
Bcerfla 3aBepinaioTCH b cHcreMe Xx |17| . □ 

CyTb Haniefi CTpaTerHH — H36e>KaTb pa3pyrneHH5i pe^eKcoB: BHyTpeHHHH cnHHOBaa CTpa- 
TerHH 3anpemaeT ^HCTpH6yTHBHyio pe/xyKinno BHeniHero pe^eKca b (Xx.(Xy.P) Q) R, 6jio- 
KHpya pa3pynieHHe BHyTpeHHero h, cjieflOBaTejibHO, KOHTpnpHMep Jan Willem Klop [7] k 
coxpaHeHHio HopMajiH3yioirj;ero cBoiicTBa fljia jxiicTpH6yTHBHOH pe/xyKiniH. 
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